Introduction
============

Lung cancer is the leading cause of cancer-associated mortality worldwide and has a poor prognosis ([@b1-ol-0-0-7956]). Although there has been considerable progress in therapies, the incidence and mortality rates (number of cases or deaths per 100,000 persons per year) are increasing, with a low overall 5-year survival rate ([@b2-ol-0-0-7956]). Following \>10 years of study, advances in the field of cancer and stem cell biology have highlighted the important role of the cancer stem cells (CSCs) in tumor progression ([@b3-ol-0-0-7956]). Accumulating evidence has indicated that CSCs are a small population of cells with the ability for self-renewal and extensive proliferation potential ([@b4-ol-0-0-7956]). Additionally, CSCs are thought to be responsible for resistance to chemotherapy and radiation, tumor growth, invasion and metastasis ([@b5-ol-0-0-7956],[@b6-ol-0-0-7956]). It may therefore be hypothesized that targeting the CSCs in tumors will be required to achieve an effective therapeutic strategy for cancer.

Previously, an increasing number of studies on CSCs have been performed to elucidate the mechanisms of the development and drug resistance of tumors ([@b7-ol-0-0-7956],[@b8-ol-0-0-7956]). Goodell *et al* ([@b9-ol-0-0-7956]) first identified in 1996 that side population (SP) cells in mouse bone marrow possessed hematopoietic stem cell activity using the Hoechst 33342 fluorescent dye. Ho *et al* ([@b10-ol-0-0-7956]) also demonstrated that SPs isolated from tumor tissues and cell lines of human lung cancer were enriched with stem-like cancer cells. In addition, accumulating evidence indicates that SP cells are a common phenotype of stem cells, and are considered as an ideal model for stem cell research ([@b11-ol-0-0-7956]). These SP cells have been suggested to possess CSC-associated properties, including self-renewal, asymmetric division into SP and non-SP cells and drug resistance ([@b12-ol-0-0-7956]). Additionally, numerous studies have indicated that SP cells exist in a variety of human tumors, such as lung ([@b13-ol-0-0-7956]), gastroenterological ([@b14-ol-0-0-7956]) and ovarian cancer ([@b15-ol-0-0-7956]) and bone sarcoma ([@b16-ol-0-0-7956]). The expression of ATP-binding cassette sub-family G member 2 (ABCG2) has been demonstrated to affect the phenotypic characteristics of SP cells, and exhibit a marked correlation with tumor recurrence and drug resistance ([@b17-ol-0-0-7956]), suggesting that ABCG2 may be a candidate for the detection of SP cells. Despite this, at present, investigating the characteristics of SP cells and illustrating their underlying mechanism in the tumor initiation and development of lung cancer remains a challenge.

In the present study, SP cells were isolated from the human lung cancer A549 cell line, and their CSC-associated biological properties were characterized *in vitro* and *in vivo*. The aim of the present study was to isolate and characterize SP cells, and to elucidate their molecular mechanisms underlying lung cancer. This may assist an improved understanding of the key roles of SP cells in lung cancer, and to explore novel targets for the treatment of this disease.

Materials and methods
=====================

### Cell lines

The human lung cancer A549 cell line was purchased from Peking Union Medical College Cell Bank (Shanghai, China) and cultured in Dulbecco\'s modified Eagle\'s medium (DMEM) supplemented with 10% fetal bovine serum (FBS; Welgene Ltd., Gyeongsan, South Korea) in a humidified incubator with 5% CO~2~ at 37°C.

### Fluorescence-activated cell sorting (FACS) of SP and non-SP cells

Human lung cancer A549 cells in the logarithmic growth phase were digested with trypsin (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) and collected. Then, the A549 cells (5×10^6^ cells/ml) were resuspended at 37°C in DMEM containing 2% FBS and labeled with the DNA binding dye Hoechst 33342 (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) at a concentration of 5 µg/ml for 60 min at 37°C, either alone or with 50 µg/ml verapamil (Sigma-Aldrich; Merck KGaA). The incubation process was performed in the dark with gentle agitation every 15 min. Subsequent to staining, the cells were centrifuged at 1,200 × g for 5 min at room temperature, resuspended in ice-cold PBS containing 2% FBS and stored at 4°C in the dark prior to FACS with flow cytometry. Cells were counterstained with 2 µg/ml propidium iodide (PI; Sigma-Aldrich; Merck KGaA) and cell sorting was performed using a FACS Vantage flow cytometer (BD Biosciences, San Jose, CA, USA). The sorted SP and non-SP (NSP) cells were collected separately and cultured in DMEM containing 10% FBS at 37°C with 5% CO~2~. A week later, the Hoechst 33342-marked subpopulations of SP and NSP cells were then investigated with flow cytometry as aforementioned. The sorted SP or NSP cell suspension was smeared onto slides and the fluorescence signals were detected under a fluorescence microscope.

### Plate cloning assay

The sorted SP and NSP cells were seeded separately in 24-well plate with concentrations of 50, 100 and 200 cells/well. All experiments were performed in triplicate. Two weeks subsequent to cell culture, cells were stained with 0.75% Giemsa for 5 min at 37°C. Then, colonies of ≥50 cells were counted in 5 randomly selected fields of view under a light microscope (CX31, Olympus; magnification, ×40), and the rate of clone formation was calculated.

### Matrigel^®^ Transwell assay

The invasive ability of SP and NSP cells was determined using a Transwell chamber with Matrigel^®^-coated membrane (24-well insert; pore size, 8 mm; BD Biosciences) *in vitro* according to the manufacturer\'s protocol. SP and NSP cells were collected separately and re-suspended in DMEM containing 1% FBS. Then, 100 µl cells (1×10^5^ cells/well) were added to each insert of the upper well of the chamber containing serum-free media, and 600 µl DMEM containing 10% FBS was added into the lower compartment of the chamber. Each group was assayed in triplicate. Following 24 h incubation at 37°C, Transwell chambers were removed and cells that had invaded the membrane were fixed with 10% formaldehyde at 37°C for 30 min, stained with 0.75% Giemsa for 5 min at 37°C and sealed on slides. A total of 5 high-power visual fields were examined randomly under a light microscope (magnification, ×400) and the invasive cell numbers were counted.

### Chemoresistance analysis

The SP and NSP cells seeded on 96-well plate (1×10^4^ cells/well) were cultured at 37°C for 12 h and treated with different concentrations of 5 chemotherapeutic drugs, consisting of cisplatin (DDP; 40, 80, 120, 160 and 200 µg/ml, 5-fluorouracil (5-FU; 50, 100, 150, 200 and 250 µg/ml), etoposide (VP-16) (60, 90, 120, 150 and 180 µg/ml), vinorelbine (NVB; 20, 40, 60 and 80 µg/ml), gemcitabine (10, 30, 60, 90 and 120 µg/ml). Blank (only medium without cells) and negative (cells without any drug treatment) controls were set, and each sample group was analyzed in triplicate. Cells were treated with Cell Counting Kit 8 (Biosharp, Hefei, China), according to the manufacturer\'s protocol, for 24 h after incubation at 37°C with the aforementioned chemotherapeutic drugs. The half-maximal inhibitory concentration (IC~50~) was calculated by comparing SP with NSP cells.

In addition, the intracellular chemotherapeutic drug level was examined using high performance liquid chromatography (HPLC). According to the chemotherapeutic susceptibility assay, DDP (120 µg/ml), 5-FU (120 µg/ml), VP-16 (120 µg/ml), NVB (70 µg/ml) and GEM (70 µg/ml) were added into cells. The SP and NSP cells seeded in 6-well plate (1×10^5^ cells/well) were incubated at 37°C for 2 h, washed with PBS 3 times and then resuspended with 500 µl distilled water. The cells in the plate were disrupted by repeating freeze-thawing and checked under the microscope to ensure that there were no intact cells. The cell lysate was collected and centrifuged at 100 × g at 37°C for 5 min. The supernatant was carefully removed, and HPLC was performed using Shimadzu LC-10A (Shimadzu, Kyoto, Japan) equipped with a GraceSmart RP C18 column (250×4.6 mm, 5 µm) at room temperature. DDP: The mobile phase composed of methanol in water (75:25, V/V) eluted with 1 ml/min flow rate. The injection volume was 20 µl and the column temperature was room temperature. The peak time of DDP was about 8.65 min under detection wavelength of 254 nm. 5-FU: The mobile phase composed of ethanol in 0.01 mol/l potassium dihydrogen phosphate (2:98, V/V) eluted with 1 ml/min flow rate. The injection volume was 20 µl and the column temperature was room temperature. The peak time of 5-FU was \~5.70 min under detection wavelength 265 nm. VP16: The mobile phase composed of methanol in water (55:45, V/V) eluted with 1 ml/min flow rate. The injection volume was 20 µl and the column temperature was room temperature. The peak time of VP16 was about 6.92 min under detection wavelength of 254 nm. NVB: The mobile phase composed of acetonitrile in 0.01 mol/l potassium dihydrogen phosphate pH 5.0 (60:40, V/V) eluted with 1 ml/min flow rate. The injection volume was 20 µl and the column temperature was room temperature. The peak time of NVB was about 6.39 min under detection wavelength of 269 nm. GEM: The mobile phase composed of acetonitrile in 0.01 mol/l potassium dihydrogen phosphate pH 5.1 (7.5:92.5, V/V) eluted with 1 ml/min flow rate. The injection volume was 20 µl and the column temperature was room temperature. The peak time of GEM was about 4.90 min under detection wavelength of 268 nm. Quantitative analysis of the intracellular concentrations of these drugs was then performed using an external standard method as previously described ([@b18-ol-0-0-7956]).

### In vivo xenograft model in BALB/c nude mice

A total of 8 female and 7 male BALB/c nude mice at the age of 4 weeks, weighing 8--20 g, were obtained from Shanghai SLRC Laboratory Animal Center (Shanghai, China). All the mice were housed under a SPF condition (12-h light/dark cycle, 50% relative humidity, between 25 and 27°C) with free access to food and tap water.

The sorted SP and NSP cells were respectively injected into the upper flanks of 17 nude mice at a concentration of 10^3^-10^7^ cells per injection, totaling 34 injection sites. Among these nude mice, one was injected with 1×10^3^ SP cells in each flank (2 sites), 4 were injected with 5×10^3^ SP cells in the left flank (4 sites) and the equivalent amount of NSP cells in the right flank (4 sites), 5 were injected with 1×10^4^ or 1×10^5^ SP cells in the left flank and the equivalent amount of NSP cells in the right flank (10 sites), 2 were injected with 1×10^6^ or 1×10^7^ NSP cells in each flank (4 sites). Tumor formation in mice was monitored 6--8 weeks following implantation. Animals were sacrificed 3--6 weeks until the volume of xenograft tumors between 100 and 500 mm^3^. Tumor volume was calculated according to the following formula: Tumor volume=(D × d2)/2, in which D indicates the long diameter of tumor and d represents the short diameter. The highest tumor volume was 526 mm^3^. All protocols were approved by the Ethics Committee and Animal Management Committee of the Tumor Hospital Affiliated to Guangxi Medical University (Nanning, China).

### Immunohistochemical analysis

To determine whether there were differences in the expression of ABCG2 between SP and NSP xenograft tumor tissues from the aforementioned transplanted nude mice, immunohistochemical analysis was performed. The SP and NSP xenograft tumor tissues were fixed with 4% paraformaldehyde for 30 min at room temperature and treated with 2% H~2~O~2~ for 30 min. Then, tissues were probed using anti-ABCG2 mouse monoclonal antibody (dilution, 1:400; cat. no. ALX-801-036-C125, Alexis Biochemical, Switzerland) overnight at 4°C. Subsequently, cells were incubated with 50 µl biotin-conjugated secondary antibody for 10 min at 25°C and maintained with 50 µl streptavidin-peroxidase for 10 min at 25°C using Ultrasensitive streptavidin-peroxidase kit (cat. no. KIT-9701/9702/9703; Fuzhou Maixin Biotech. Co., Ltd., Fuzhou, China) for 1 h at room temperature. The negative control used PBS as a substitute of the primary antibody. Following the reaction with 3,3′-diaminobenizidine with DAB kit (Fuzhou Maixin Biotech. Co., Ltd.), the cells were smeared onto slides and examined by optical microscopy (IX83, Olympus; magnification, ×400). Finally, positive ABCG2 cells from ≥1,000 counted cells demonstrated brown staining of the cell membrane or inside the cytoplasm and were counted.

### Statistical analysis

Data were analyzed with SPSS 13.0 statistical software (SPSS, Inc., Chicago, IL, USA). The IC~50~ was calculated by Probit probability regression. Measurement data were expressed as the mean ± standard deviation. An unpaired Student\'s t-test was used when the data of two groups were compared, while d^2^ test was used to compare xenograft tumorigenic activity of SP and NSP subpopulations in nude mice.

Results
=======

### FACS analysis of SP and non-SP cells

Hoechst 33342^low/neg^ cells (SP fraction) and Hoechst 33342^high^ cells (NSP fraction) were sorted from A549 cells by flow cytometry. The results demonstrated that the Hoechst 33342^low/neg^ fraction accounted for 1.09% of live cells and the percentage decreased to 0.2% subsequent to treatment with Verapamil. The sorted purity of SP cells was 99% ([Fig. 1A](#f1-ol-0-0-7956){ref-type="fig"}). One week following expanded culture *in vitro*, SP and NSP subpopulations in the logarithmic growth phase were re-stained with Hoechst 33342 dye and were sorted again. The results indicated that both Hoechst 33342^low/neg^ and Hoechst 33342^high^ cells were identified in the SP fraction, with 52.86% of living cells being Hoechst 33342^low/neg^ cells. However; the percentage decreased to 0.31% subsequent to treatment with Verapamil ([Fig. 1B](#f1-ol-0-0-7956){ref-type="fig"}). However, only Hoechst 33342^high^ cells were isolated from the NSP fraction. Hoechst 33342^low/neg^ cells were identified at a low rate of 0.13% in living cells, which decreased to 0.06% following treatment with Verapamil ([Fig. 1C](#f1-ol-0-0-7956){ref-type="fig"}).

In addition, fluorescence analysis of SP and NSP cells was performed. No morphological difference between SP and NSP cells were observed using optical microscopy ([Fig. 2](#f2-ol-0-0-7956){ref-type="fig"}), yet the NSP cells showed marked blue fluorescence signals ([Fig. 3A](#f3-ol-0-0-7956){ref-type="fig"}) while SP cells showed weak signals ([Fig. 3B](#f3-ol-0-0-7956){ref-type="fig"}) using fluorescence microscopy.

### Plate cloning analysis

Plate cloning was performed to analyze the tumorigenicity of SP and NSP cells *in vitro*. The results demonstrated that more colonies were formed by the SP subpopulation compared with the NSP subpopulation. Additionally, the difference between the populations was statistically significant (P\<0.001; [Table I](#tI-ol-0-0-7956){ref-type="table"}).

### Invasion analysis of SP and NSP cells in vitro

A Matrigel^®^ Transwell assay was used to determine the invasive cell numbers for detecting the invasive ability of SP and NSP cells. A total of 24 h following incubation, the number of invaded SP and NSP cells was 60.00±3.00 and 34.67±2.52, respectively. The difference between them was statistically significant (P\<0.01).

### Chemoresistance analysis of SP and NSP cells

The SP and NSP cells were treated with different concentrations of 5 chemotherapeutic drugs, consisting of DDP, 5-FU, VP-16, NVB and GEM. The IC~50~ of DDP in SP and NSP cells was not statistically different (P\>0.05), whereas the IC~50~ of 5-Fu, VP-16, NVB and GEM in SP cells was significantly increased compared with that of NSP cells (P\<0.01; [Table II](#tII-ol-0-0-7956){ref-type="table"}). In addition, the intracellular drug concentrations were examined. The results demonstrated that the intracellular DDP concentrations of SP and NSP cells were not statistically different (P\>0.05), whereas the intracellular 5-FU, VP-16, NVB and GEM concentrations of SP cells were decreased compared with those of NSP cells, which was statistically significant (P\<0.01; [Table III](#tIII-ol-0-0-7956){ref-type="table"}). Overall, SP cells exhibit increased resistance against chemotherapeutic drugs, including 5-FU, VP-16, NVB and GEM.

### Xenograft tumor formation in BALB/c nude mice

A total of 3--5 weeks subsequent to injection of 1×10^5^ SP cells, visible tumors were observed at all 5 injection sites of the nude mice, yet only 3 out of 5 injections resulted in detectable tumors at 7--8 weeks when 1×10^4^ SP cells were injected. Xenograft tumors were observed 4 weeks following injection at 2 injection sites of 1×10^7^ NSP cells, whereas no tumors were formed when low concentrations of NSP cells were injected ([Table IV](#tIV-ol-0-0-7956){ref-type="table"}). The tumorigenic potential of SP cells *in vivo* was more marked compared with that of NSP cells. The tumorigenic ability of SP cells was significantly increased compared with that of NSP cells when 1×10^4^ or 1×10^5^ cells were transplanted into nude mice (*χ*^2^=4.286, P=0.038; *χ*^2^=10.000, P=0.002).

### Immunohistochemical analysis

ABCG2 expression in xenograft tumor tissues was analyzed by immunohistochemical analysis. The results demonstrated ABCG2 was expressed in all xenograft tumors. Additionally, the number of ABCG2 positive cells in the SP xenograft tumor was significantly increased compared with that in NSP xenograft tumors ([Fig. 4](#f4-ol-0-0-7956){ref-type="fig"}).

Discussion
==========

Extensive studies of CSCs have been conducted, yet for the majority of tumors, isolation and characterization of specific tumor stem cells remain a challenge. In the present study, cells with weak Hoechst 33342 staining were successfully sorted as SP cells from the human lung adenocarcinoma A549 cell line by flow cytometry sorting. The results demonstrated that SP cells accounted for 1.09% of live A549 cells. SP cells were able to be asymmetrically divided into SP and non-SP cells, while NSP cells were not. In addition, SP cells formed more colonies, exhibited improved invasive ability and chemoresistance compared with NSP cells *in vitro*. The results of the xenograft model in BALB/c nude mice also indicated that the SP cells exhibited increased tumorigenic potential *in vivo* compared with NSP cells, which was consistent with the results of the plate cloning assay *in vitro*. ABCG2 was expressed in all xenograft tumors, and the number of ABCG2-positive cells in SP xenograft tumors was significantly increased compared with that in NSP xenograft tumors. All these data suggest that SP cells exhibit CSC-associated properties, and may contribute to the development of lung cancer.

Self-renewal and multi-differentiation are considered to be important characteristics of stem cells ([@b19-ol-0-0-7956]). Kondo *et al* ([@b20-ol-0-0-7956]) proposed that a small subpopulation of stem cells maintained the malignant properties of cancer in a number of cancer tissues. According to their study, this subpopulation of stem cell was enriched in SP cells, and these SP cells were hypothesized to be able to differentiate into daughter SP cells and NSP cells via asymmetric division, which was also observed by Wang *et al* ([@b21-ol-0-0-7956]). In the present study, although there were no observed morphological differences between SP and NSP cells in the A549 cell line, the former subpopulation generated SP and NSP cells subsequent to culturing *in vitro*, while the latter only produced NSP cells ([Fig. 1](#f1-ol-0-0-7956){ref-type="fig"}). It may therefore be hypothesized that SP cells, not NSP cells, exhibit multi-potent characteristics. In addition, plate cloning and xenograft tumor formation in BALB/c nude mice was performed to validate the tumorigenic ability of SP cells *in vitro* and *in vivo*; the abilities of the SP cells were evident compared with those of NSP cells. These results are in accordance with previous data that SP cells exhibit highly tumorigenic capabilities, similar to CSCs, and that the transplantation of SP cells may lead to tumor formation ([@b22-ol-0-0-7956],[@b23-ol-0-0-7956]). Overall, these data of the present study may explain the multi-differential potential of SP cells.

According to the stem cell theory, the invasive properties of CSCs may result in tumor metastasis ([@b24-ol-0-0-7956]). Hermann *et al* ([@b25-ol-0-0-7956]) demonstrated that distinct populations of CSCs determined the metastatic activity of tumor in human pancreatic cancer. A study by Karnoub *et al* ([@b26-ol-0-0-7956]) also verified that mesenchymal stem cells may secrete chemokine (C-C motif) ligand 5, which was a critical factor for enhancing the invasion and metastasis of breast carcinoma via paracrine signaling on the cancer cells. The invasion ability of SP and NSP cells in the A549 cell line was also investigated in the present study, and the results indicated that SP cells possessed an improved invasive potential compared with the NSP cells, suggesting that the invasive ability of SP cells may maintain its malignant properties and contribute to the metastasis of lung cancer.

To additionally verify the presence of SP cells in the xenograft tumor tissue, ABCG2 expression in xenograft tumor tissues was detected. ABCG2 was previously considered as an effective marker for defining the phenotype of SP cells ([@b27-ol-0-0-7956],[@b28-ol-0-0-7956]). In addition, Yang *et al* ([@b29-ol-0-0-7956]) confirmed that elevated expression of ABCG2 in lung cancer SP cells is involved in multi-drug resistance. Hirschmann-Jax *et al* ([@b30-ol-0-0-7956]) also demonstrated that SP cells exhibited a high drug efflux capacity in neuroblastoma cells, indicating a higher sensitivity to chemotherapeutic agents of NSP cells compared with SP cells. The present study demonstrated that the susceptibility of SP cells to 5-FU, VP-16, NVB, and GEM, and the SP cell intracellular concentration of these drugs were all significantly lower compared with that of NSP cells. Therefore, elevated ABCG2 expression may induce the efflux of these drugs from lung cancer cells and increase chemoresistance: When the efflux capacity increased, chemotherapeutic resistance within the cells occurred. Several studies investigating antagonists of ABCG2-mediated resistance and transport have confirmed that ABCG2 is a target for cancer treatment ([@b31-ol-0-0-7956],[@b32-ol-0-0-7956]). Therefore, detecting ABCG2 expression may assist in predicting the chemotherapeutic outcome of patients, and serve as a useful target for curing lung cancer. However; it should be noted that no difference in DDP susceptibility and intracellular drug concentration of SP and NSP cells was observed. The present study hypothesizes that wild-type ABCG2 lacks the binding site for DDP, and is not able to expel DDP out of cells easily. Future experimental validations are required to verify this observation.

In conclusion, SP cells isolated from the human lung adenocarcinoma A549 cell line demonstrated higher tumorigenicity, increased invasive ability and exhibited improved chemoresistance compared with NSP cells. These SP cells may include stem-like tumor cells. In addition, detecting ABCG2 expression may assist in predicting the chemotherapeutic outcome of patients, and serve as a target for treating lung cancer. Future studies investigating these sorted SP cells may provide novel insights into the clinical treatment of this disease.
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![Fluorescence-activated cell sorting of SP and non-SP cells using flow cytometry. (A) Hoechst 33342^low/neg^ fraction accounted for 1.09% of live cells, which decreased to 0.2% after treatment with Verapamil, and the sorted purity of SP cells was 99%. (B) Hoechst 33342^low/neg^ and Hoechst 33342^high^ cells were identified in the SP fraction, with 52.86% of living cells being Hoechst 33342^low/neg^. However, the percentage decreased to 0.31% following treatment with Verapamil. (C) Only Hoechst 33342^high^ cells were identified in the NSP fraction. Hoechst 33342^low/neg^ cells were isolated at a very low rate of 0.13% in living cells, which decreased further to 0.06% following treatment with Verapamil. SP, side population; NSP, non-side population.](ol-15-04-4900-g00){#f1-ol-0-0-7956}

![Side population (A) and non-side population cells (B) examined using optical microscopy (magnification, ×100).](ol-15-04-4900-g01){#f2-ol-0-0-7956}

![Side population and non-side population cells examined using fluorescence microscopy (magnification, ×100). (A) NSP cells exhibited marked blue fluorescence signals. (B) SP cells demonstrated weak signals.](ol-15-04-4900-g02){#f3-ol-0-0-7956}

![ABCG2 expression in xenograft tumor tissues examined by immunohistochemistry (magnification, ×400). (A) Side population xenograft. (B) Non-side population xenograft.](ol-15-04-4900-g03){#f4-ol-0-0-7956}

###### 

Clone formation of SP and NSP cells.

            Seeded cell number                 
  --------- -------------------- ------------- ---------
  SP        6.33±1.5             13.33±1.53    23.00±2
  NSP         3.33±0.58            9.33±0.58   17.00±2
  t-test    3.182                4.243         3.674
  P-value   0.033                0.013         0.021

SP, side population; NSP, non-side population.

###### 

Half maximal inhibitory concentration of chemotherapeutic drugs in SP and NSP cells.

            Drug, µg/ml                                                  
  --------- ---------------- ---------------- ------------- ------------ --------------
  SP        138.55±9.53        197.50±15.17   170.49±3.02   92.09±2.61   102.92±4.21
  NSP         123.17±14.21   127.92±7.11      128.31±9.34   69.40±1.89     75.30±2.80
  t-test    1.809            7.194            7.440         12.209       9.461
  P-value   0.195            0.002            0.002         \<0.001      0.001

SP, side population; NSP, non-side population; DDP, cisplatin; 5-Fu, 5-fluorouracil; VP-16, etoposide; NVB, vinorelbine; GEM, gemcitabine.

###### 

Intracellular drug concentrations of SP and NSP cells.

            Drug, µg/ml                                             
  --------- ------------- ------------- ------------- ------------- -------------
  SP        0.090±0.007   0.054±0.005   0.491±0.008   0.986±0.056   0.179±0.009
  NSP       0.095±0.005   0.098±0.005   0.787±0.016   2.804±0.072   0.371±0.130
  t-test    −0.957        11.161        −27.904       −35.224       27.681
  P-value   0.393         \<0.001       \<0.001       \<0.001       \<0.001

SP, side population; NSP, non-side population; DDP, cisplatin; 5-Fu, 5-fluorouracil; VP-16, etoposide; NVB, vinorelbine; GEM, gemcitabine.

###### 

Number of xenograft tumor in nude mice following SP or NSP transplant.

            SP cells   NSP cells        
  --------- ---------- ----------- ---- ----
  1×10^7^   --         --          2    2
  1×10^6^   --         --          2    0
  1×10^5^   5          5           5    0
  1×10^4^   5          3           5    0
  5×10^3^   4          0           4    0
  1×10^3^   2          0           --   --

−, no data. SP, side population; NSP, non-side population.
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